in Poland, environment, land confi guration, and the average value of rainfall intensity over 40 years. The results of an increase in noise, signal attenuation, and total signal degradation due to rain precipitation for the satellite signals in the area of Kielce, as a representative region in Poland, were received on the basis of the very detailed original meteorological parameters processed in statistical form.
As we can report from ITU-R Rec. P. 837-6, the contour maps show only an approximate R 0.01 parameter [15] [16] . The rain rate (mm/h) exceeded 0.01% of the average year (R 0,01 ) in Poland on the basis of the ITU-R contour map (one-minute integration time), and is also presented to compare the differences in noise increase, signal attenuation, and total signal degradation due to precipitation between data of the ITU-R Recommendation P.837-6 (ITU-R Rec. P. 837-6) and actual processed data derived over 40 years. This means approximately 53 minutes per year (52.56 minutes precisely) on the assumption that one year equals 365 days. This is connected with the availability of signals equaling on an average year 99.99% and in the worst month 99.948%. We will take into account both the valuation of rain rate (mm/h) exceeding 0.01% of the average year (R 0.01 ) estimated at R 0.01 = 34.4 mm/h in long-term perspective in Kielce as a representative region of Poland (40 years in this case), and R 0.01 = 35 mm/h on the basis of a contour map of the ITU-R for a location of Poland as a region of Europe.
Material and Methods
The used model uses bilinear interpolation to achieve an improved evaluation for the adjacent grids within the region of Kielce. The model of the ITU-R is based on the simulated movement of synthetic rain cells. The parameters were derived from local input data and from the European Centre of Medium-range Weather Forecast [15] .
Data were originally collected from meteorological stations, quality checked, and further processed. The set of data collected by the European Space Agency (ESA) -a partner in COST ACTION IC 0802 in cooperation with the Institute of Meteorology and Water Management (National Research Institute, IMGW) in Warsaw, delivered information on the rain rate (mm/h) exceeding by 0.01% the average year in many regions in Poland. The data about rainfall intensity were generated at 1.125x1.125° longitude and latitude. Finally, results are presented in high resolution (two decimal places).
In practice, in many geographical locations in Poland the actual rainfall rate statistics obtained on the real measured values are smaller than the rainfall rate statistics reported by the ITU-R Rec. P. 837-6 contour map. Nevertheless, at certain locations (e.g., Gliwice, Katowice, Nowy Targ, Przemyśl, Rzeszów, Sandomierz, Sanok, Tarnobrzeg, Tarnów, Ustka, Władysławowo, Zakopane, and many others) the R 0.01 parameter is bigger than from ITU-R Rec. P. 837-6, as well in Kielce. These statistics are most crucial for specifying the maximum signal degradation due to rain.
Results and Discussion

Experimental Results in Kielce from
Laboratory Station
Next to data specifi ed in the ITU-R Rec. P. 837-6 (R 0.01 = 35 mm/h), we take into account the data collected by ESA. Thanks to this, the actual R 0.01 parameter derived from 40 years was determined in Kielce (R 0.01 = 34.4 mm/h). Tables 1 and 2 show the precise data for frequencies between 26 and 50 GHz for horizontally and vertically polarized radio waves, respectively. The article includes Tables 1 and 2 summarize the impact of rain on the three coeffi cients (L d , W sz , DND). These show how the statistical data theoretically introduced in the beginning can be applied to provide information about rainfall intensity R 0.01 in Poland. This R 0.01 parameter can be useful for calculating signal quality in practice.
Figs 1 and 2 illustrate the results of measurements for horizontally and vertically polarized radio waves, respectively. As we can observe, the signal attenuation of horizontally polarized radio waves is greater than the signal attenuation of vertically polarized radio waves in the frequency range covered. In addition, the increase in the signal frequency results in the gradual increase in the difference in signal attenuation L d between horizontally and vertically polarized radio waves. This difference does not exceed 2.67 dB and has a minimum value of 2.22 dB for a 26 GHz frequency.
Moreover, we can see that the difference between total signal degradation DND of horizontally and vertically polarized radio waves does not exceed 2.5 dB for the signal frequencies below 31 GHz, and 2.6 dB for the signal frequencies below 35 GHz. The maximum difference of total signal degradation DND is almost equal to 2.7 dB. The noise increase due to precipitation in the frequency range 26-50 GHz is roughly equal to 0 dB (the maximum difference equals 0.01 dB). Fig. 3 ).
There is still a tendency that with the increase in the signal frequency the difference between signal attenuation ΔL d for horizontally and vertically polarized radio waves gradually increases. All of the data collected could be used to estimate the impact of rainfall intensity, polarization, and radio wave frequency with a step of 1 GHz on the quality of received satellite signals.
the ITU-R Contour Map I n this part of article, the results of measurements are to be compiled for each type of polarization on the basis of contour map of the ITU-R to compare the values with the results of rain intensity measurements. Consequently, it will be possible to compare both data in the frequency range covered.
Because of the R 0.01 parameter reported of the ITU-R Rec. P. 837-6 has the approximate value, the results even if ITU-R Rec. P. 837 is up-to-date are only approximate [15] . The results of the signal attenuation L d , noise increase W sz and total signal degradation DND (the sum of these components) for horizontally polarized radio waves are shown in Table 3 .
The analogous results of the signal attenuation L d , noise increase W sz and total signal degradation DND due to precipitation for vertically polarized radio waves are presented in Table 4 below.
In any case, the difference in R 0.01 parameter in Kielce city between actual data from laboratory station and contour map of the ITU-R is equal to 0,6 mm/h. As might be expected, the increase in the signal frequency leads to the increase in the difference in signal attenuation L d between horizontally and vertically polarized radio waves and consequently to the increase in the total signal degradation between horizontally and vertically polarized radio waves. It does not exceed 2.5 dB for the signal frequencies below 30 GHz and 2.69 dB for the signal frequencies below 40 GHz. The maximum difference of total signal degradation DND is equal to 2.7 dB. The noise increase due to precipitation in the frequency range between 26-50 GHz is almost equal to 0 dB (the maximum difference equals 0.01 dB) as for the measures referred to the R 0.01 parameter equals 34.4 mm/h. Unsurprisingly, we can see that the signal attenuation of both type of polarization for the rainfall intensity R 0.01 = 35 mm/h is greater than the signal attenuation received on the basis of actual data from measuring position (R 0.01 = 34.4 mm/h) for horizontally and vertically polarized radio waves, respectively. 
Conclusions
In practice cutting-edge researches are increasingly being conducted at the interface between many countries to collect detailed information as possible. All of the data presented in this article may be used to estimate the impact of the rainfall intensity, polarization and radio wave frequency on the quality of satellite signals in the frequency range between 26-50 GHz in Poland. Moreover, we can use the tabular data for horizontally and vertically polarized radio waves in this frequency range to achieve the forecast of noise increase, signal attenuation and total signal degradation due to precipitation with use of polynomial regression models, too. These are also critically important in future to minimize the risk of lack of communication or interruption of the connection, as well as the communication due to weather conditions endangering the satisfactory condition of the signal. Another application could be determine the link budget analysis in a function of many parameters.
In practice, satellite equipment may have an unique fl exibility system for a control of signal quality and adopt some operational parameters of transmitting systems, such as transmitting power to the formed quality of signal criteria. Therefore depending on the weather conditions, the system switches automatically between several possible signal powers to optimize transmission quality. So, we can application of presented data to dynamical changes in parameters of transmission in compensation systems.
Ongoing research could be used in future work to analyse the propagation of microwave satellite signal above 50 GHz or to combine the signal by transmultiplexer [20] . In future, it aims to make analysis of absorption [21] , as well as determine the link budget and among others the impact of various mechanisms affecting the propagation of radio waves to achieve the ready regression models [22] . 
